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HEMATOLOGICAL MANIFESTATIONS OF CELIAC DISEASE

Hematologic manifestations of celiac disease
Celiac disease (CD) or gluten sensitive enteropathy is a systemic disorder with protean manifestations. It is a common disease, previously described mainly in children but is now increasingly being diagnosed in persons of all ages. 1 In the past, celiac disease was usually only considered in patients who had frank malabsorption characterized by diarrhea, steatorrhea, weight loss or failure to thrive or in the patient with multiple deficiencies of macro-and micronutrients. This could be termed the classical form. It has become clear that many, if not most patients can present with much more subtle symptoms often called atypical celiac disease and often without the classic malabsorption syndrome or even diarrhea. Some, if not many patients may have silent celiac disease wherein they have no symptoms at all. Dermatitis herpetiformis (DH) is an intensely pruritic immunological skin disorder that is characterized by gluten sensitivity and like CD, it responds to withdrawal of gluten from the diet. 2 While celiac disease has been considered a relatively rare disease, recent population screening studies have suggested that it may affect as much as 1% of the population. [3] [4] [5] [6] The purpose of this review is to summarize the associations of CD with both common and uncommon conditions that may be of interest to hematologists and internists and to provide guidance as to the appropriate means of investigation to aid in identifying CD in a timely fashion.
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Celiac disease is a common cause of various hematologic disorders, the most common of which is anemia. The anemia of celiac disease is usually due to malabsorption of micronutrients such as iron, folic acid and vitamin B12. Celiac disease is also frequently implicated in the etiology of other blood count abnormalities, splenic hypofunction and intestinal lymphomas. 7 The hematologic manifestations of dermatitis herpetiformis are less well described but DH has been associated with anemia and splenic dysfunction and patients with DH have been found to be at increased risk of contracting malignant lymphoma. Additionally, some of the drugs used in the treatment of DH (primarily dapsone) have been associated with side effects such as hemolysis and methemoglobinemia. The hematologic manifestations of CD are summarized in Table 1 . 
Diagnosis of celiac disease:
The diagnosis of CD is usually made with the aid of a small bowel biopsy. Pathological diagnosis based on finding villous atrophy of the small bowel mucosa is still considered the gold standard of diagnosis. 8, 9 Serologic testing is based on identifying IgA antibodies against gliadin, endomysium and tissue transglutaminase. Anti-gliadin antibodies are less used due to their low sensitivity and specificity. 10 A recent systematic review of the diagnostic accuracy of the various available antibody assays revealed that the sensitivity of anti-endomysial antibodies (anti-EMA) and anti-tissue-transglutaminase antibodies (anti-tTG) is more than 90%. 11 The pooled sensitivity of the anti-EMA was between 90
and 97% and anti-tTG had a pooled sensitivity of 90-98% depending on the methods used 
Anemia
Anemia is a frequent finding in patients with celiac disease and may be the presenting feature. 13, 14 The anemia may be the only abnormality identified. 14,15 Anemia was particularly common in patients with untreated celiac disease in the past but is still frequently encountered in undiagnosed adults. 15 
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and has been found in 12-69% of newly diagnosed patients with celiac disease. [14] [15] [16] [17] [18] Dermatitis herpetiformis has also been associated with anemia that can be secondary to malabsorption of iron or vitamins or related to the pharmacological management of DH, especially therapy with dapsone. 19, 20 Iron deficiency anemia Iron deficiency anemia (IDA) is the most commonly encountered anemia in man and is usually due to either increased iron loss or impaired absorption of iron. 21 IDA is very common in the setting of CD and has been reported in up to 46% of cases of subclinical CD with a higher prevalence in adults than children. 15 Iron deficiency has also been reported in patients with DH. 22, 23 Iron is absorbed in the proximal small intestine and the absorption is dependent upon several factors including an intact mucosal surface and intestinal acidity. 21 IDA usually manifests as microcytic, hypochromic anemia and patients characteristically have low serum iron, elevated total iron binding capacity and low ferritin. 24 Measurements of soluble transferrin receptors (sTfR) can also be valuable in the evaluation of IDA and the ratio of sTfR to ferritin may indicate CD in children with refractory IDA. 25, 26 Iron deficiency that is refractory to therapy can be the sole manifestation of CD, especially in pediatric patients. [27] [28] [29] The prevalence of CD in patients with refractory iron deficiency anemia may be as high as 20%. 30 The iron deficiency in celiac disease primarily results from impaired absorption of iron but there may also be occult blood loss in the gastrointestinal tract. 31, 32 Occult
gastrointestinal bleeding was detected in 25-54% of patients with CD depending on the degree of villous atrophy in one study. 33 Occult GI blood loss was seen in 26.7% of children with CD and appears to respond to treatment with a gluten free diet according to another study. 34 More recent studies have however suggested that occult GI bleeding in patients with celiac disease may be much less common. 35, 36 Celiac disease is frequently diagnosed in patients referred for evaluation of anemia and subclinical CD appears to be a relatively common cause of IDA. 15, [37] [38] [39] Studies using serologic tests and small bowel biopsies in patients referred for evaluation of IDA have reported CD in 0-8.7% of patients (Table 2) . [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] These studies are heterogeneous in design and used different methods for diagnosis of CD, often in selected referral populations.
Two studies evaluated only patients with IDA and one of them did not utilize serologic testing. Biopsy proven CD was reported in 2.6-5% of patients. 37, 42 Three other studies included patients with anemia other than IDA but he vast majority in all three studies suffered from IDA. 39, 43, 44 Serologic evidence of CD was observed in 2.3-10.9% of these anemic patients. In two of the studies, biopsies were performed on the patients with positive serology and the prevalence of biopsy proven CD was 2.3-4.7.
39,44
Four studies evaluated the role of upper endoscopy in the evaluation of iron deficiency (Table 2) . 40, 41, 45, 46 In only one of these studies were biopsies performed on all patients evaluated and 8.7% of patients were found to have CD. 45 The other three studies showed 46 Clinicians should consider celiac disease as a possible cause of anemia in all subjects with unexplained IDA including menstruating women.
Endoscopic markers of CD in patients with IDA have been shown to lack sensitivity for diagnosis and have limited utility in selecting patients for a small bowel biopsy. 47 Duodenal biopsies should be performed even if the duodenal mucosa appears normal to the endoscopist. One recent study has shown that many patients undergoing an endoscopy for anemia do in fact not have a small bowel biopsy performed. 48 In conclusion, IDA is common in CD and CD is frequently found in patients presenting with IDA. The treatment of IDA associated with CD is primarily a gluten free diet (GFD) and iron supplementation until the iron stores have been restored. This process can take as long as a year for the hemoglobin to normalize and 2 years for the iron stores to be replete. 
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Folic acid is an essential element of amino acid and nucleic acid metabolism and metabolic regulation. 49 Adequate folic acid is required for normal hematopoiesis and development of the nervous system. Folic acid is primarily absorbed in the jejunum and malabsorption is frequent in diseases of the small intestines. 49, 50 Deficiency of folic acid usually presents as macrocytic and megaloblastic anemia but abnormalities of the other cell lines are common. Concomitant iron deficiency as can be seen in CD can result in atypical findings on the blood smear and patients with deficiencies of folate and B12 may not present with the characteristic macrocytosis. Examination of the blood smear may reveal a dimorphic picture reflecting the effects of both deficiencies. Severe folic acid deficiency can result in a decrease in both leucocytes and platelets and even manifest as severe pancytopenia. The diagnosis is usually made by measuring serum folate and red cell folate. Serum folate is highly dependent on folate intake and is frequently increased in patients with deficiency of vitamin B12. 51 Red cell folate is not specific for folate deficiency as it can be decreased in patients with B12 deficiency but red cell folate is less subject to transient changes secondary to variations in folate intake. 51 Elevated serum homocysteine can be helpful in diagnosing folate deficiency but its sensitivity is somewhat less for B12 deficiency. 52, 53 Previous studies have shown that many untreated patients with CD are folate deficient. 13, 54 Two small studies found that folate deficiency is a common finding in children but it does not usually result in anemia. 55, 56 More recent studies have confirmed 44, 57, 58 Folate deficiency has also been reported in association with DH. 23, 59 Homocysteine is commonly elevated in patients with CD at the time of diagnosis and may serve as a diagnostic clue. 60 We recommend folate supplementation in conjunction with a GFD for treatment of these patients.
B12 deficiency
Vitamin B12 is an essential cofactor and a coenzyme in multiple biochemical pathways including the pathways of DNA and methionine synthesis. While the main site of vitamin B12 absorption is the distal ileum where it is absorbed bound to intrinsic factor a small proportion is also absorbed passively along the entire small bowel. 61 Deficiency of vitamin B12 is common in CD and frequently results in anemia. Malabsorption of vitamin B12 resulting in anemia has also been described in patients with DH. 20 The cause of the B12 deficiency in celiac disease is not known, but may include decreased gastric acid, bacterial overgrowth, autoimmune gastritis, decreased efficiency of mixing with transfer factors in the intestine or perhaps subtle dysfunction of the distal small intestine in some patients with celiac disease 62, 63 Recent studies suggested that 8-41% of previously untreated subjects with CD were deficient in vitamin B12. 64, 65 This is in accordance with an older study that reported 11%
incidence of B12 deficiency in 50 consecutively diagnosed patients with CD. 54 Vitamin Deficiency of other micronutrients
The anemia seen in celiac disease can also result from malabsorption of various micronutrients necessary for normal hematopoiesis. Copper deficiency has been described in children with CD and may result in anemia and thrombocytopenia. [69] [70] [71] [72] We have recently diagnosed adult CD patients with symptomatic copper deficiency (unpublished data). Deficiencies in vitamin B6, pantothenic acid and riboflavin have also been suggested as etiologic factors in patients with CD but recent data is lacking.
13
Thrombocytopenia and thrombocytosis
Thrombocytopenia has rarely been reported in patients with CD and may be autoimmune in nature. [72] [73] [74] [75] [76] [77] Thrombocytopenia associated with CD has been reported in association with keratoconjunctivitis and choroidopathy, suggesting an autoimmune 73, 74 The best therapy for thrombocytopenia in association with CD is uncertain given the rarity of the problem but a GFD may result in normalization of the platelet count in some cases. 72 Thrombocytosis in association with CD appears to be more common than thrombocytopenia, occurring in up to 60% of patients. [78] [79] [80] [81] The exact etiology of the thrombocytosis is unknown but it may be secondary to inflammatory mediators or in some cases, secondary to iron deficiency anemia or functional hyposplenia. 82 The thrombocytosis appears to resolve in many cases after institution of a GFD.
79,80
Leukopenia/neutropenia
Abnormally low white blood count has been reported in a few children with CD 72 . These findings appear to be rare and both deficiencies of folate and copper have been implicated as possible etiology for the leukopenia. 69, 70, 83 The data on treatment of these patients is extremely limited but we recommend initiating a GFD supplementing these patients with oral copper sulfate if there is evidence of copper deficiency.
Venous and arterial thromboembolism
Venous thrombosis has been reported in CD and may be the presenting feature.
Hyperhomocysteinemia is a frequent finding in CD and may be related to an increased tendency to form clots. 60 Increased levels of thrombin-activatable fibrinolysis inhibitor (TAFI) have recently been reported in patients with inflammatory bowel disease and CD. 84 Elevated levels of TAFI have been shown to be a risk factor for venous 85 Decreased levels of the K vitamin dependent anticoagulant proteins, protein S and C, has recently been suggested as a causative factor in thrombosis associated with CD. 86 Not all studies support the link between CD and hypercoagulability however. 87 The clinical spectrum of thromboembolism observed in patients with CD is variable but most cases appear to involve the venous circulation. [88] [89] [90] Only a few case reports have included patients with thrombosis on the arterial side of the circulation and in those cases the role of CD in the mechanism of the thrombosis was uncertain.
91-93
Coagulopathy
Celiac disease can be associated with abnormalities in coagulation factors resulting in an abnormal bleeding tendency. Malabsorption of vitamin K is common in chronic gastrointestinal disorders. A decrease in K vitamin dependent coagulation factors results in prolongation of coagulation assays such as the prothrombin time (PT), international normalized ratio (INR) and the activated partial thromboplastin time (aPTT). 94, 95 A recent study found that 18.5% of untreated CD patients, had prolongation of PT and these patients were also more likely to present with anemia and abnormal iron proteins. 96 Symptomatic patients were also more likely to present with a prolonged PT. Patients with CD occasionally present with hemorrhagic diathesis as their first symptom. The resulting hemorrhage can be minimal to severe. [97] [98] [99] Therapy is initially parenteral vitamin K but occasionally plasma products may be needed in bleeding patients. Malabsorption of vitamin K is very uncommon in CD patients who do not have ongoing malabsorption of other nutrients. 96 The treatment primarily consists of initiating a GFD and correcting the vitamin K deficiency.
For
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Splenic dysfunction
Splenic atrophy in patients suffering from malabsorption secondary to non-tropical sprue was first described in 1923. 100 Multiple cases of splenic atrophy in association with malabsorption and celiac disease or dermatitis herpetiformis were subsequently published. 101, 102 Unsuspected CD may be found when patients with evidence of hyposplenism are investigated for the condition. 103 Splenic hypofunction can be demonstrated using scintigraphy and measurements of the clearance of labeled heatdamaged red cells. 101 A commonly used method of assessing splenic function in patients with celiac disease is to count "pitted" erythrocytes by interference contrast microscopy. 104 This method has the advantage of being simple to perform but unfortunately it is labor intensive and many laboratories do not routinely offer this test. A pitted erythrocyte count of more than 2-4 percent is indicative of hyposplenism. [104] [105] [106] The presence of Howell-Jolly bodies, acanthocytes and target cells are suggestive of hyposplenism but may not be apparent in patients with milder forms of hyposplenism (Figure 2. ).
107,108
For personal use only. on April 12, 2017. by guest www.bloodjournal.org From HALFDANARSON et al. 114 Hyposplenism appears to be much less common in children with CD as reported by Corazza et al. 115 In their report of 37 children with CD, none were found to have elevated "pitted" erythrocyte count suggestive of hyposplenism. Various autoantibodies including anti-nuclear antibodies,
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anti-smooth muscle antibodies and anti-mitochondrial antibodies have been found in patients with CD and hyposplenism. 116 The risks associated with hyposplenism in patients with CD are unknown. Infectious complications appear to be uncommon given the reported frequency of hyposplenism.
Several case reports of severe and even fatal bacterial infections in such patients have however been published. [117] [118] [119] Cavitating lesions in mesenteric lymph nodes and the lungs have also been reported in patients with CD and hyposplenism and can be associated with significant mortality, presumably due to an overwhelming infection. [120] [121] [122] [123] The etiology of these cavitating lesions is unknown but some authors have suggested that immune complexes result in endothelial damage leading to intranodal hemorrhagic necrosis.
123,124
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Lymphoma
The association of CD and intestinal lymphoma is well known. 7, 134 This association was first described in 1937 by Fairley and Mackie and malabsorption in celiac disease.
Initially it was thought that the enteropathy and malabsorption that occurred was secondary to the lymphoma itself, a concept that persisted for many decades until it became apparent that the celiac disease preceded the lymphoma. 134 Later reports suggested that lymphoma involving the gastrointestinal tract was relatively common and possibly a major cause of death in patients with CD. [135] [136] [137] Multiple studies now support the association of CD and lymphomas. [138] [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] The association between CD and intestinal T-cell non-Hodgkin lymphoma, called enteropathy-associated T-cell lymphomas (EATL) appears to be particularly strong but these aggressive lymphomas are rare. The current WHO classification of lymphomas has recommended the term enteropathy-type T-cell lymphoma (ETL). 7 In this article we use the terms ETL and EATL synonymously.
ETL are rare lymphomas, accounting for less than 1% of all non-Hodgkin lymphomas. 159 The monoclonal IELs seem to be neoplastic and accumulation of these phenotypically aberrant IELs appears to be the first step in the pathogenesis of ETL. 154 The etiology of this increase in monoclonal IELs is unknown but may be secondary to chromosomal gains or mutations of tumor suppressor genes. 154 ETL cells typically express CD3, CD7 and CD103; they may express CD30 but are usually negative for CD4, CD5 and CD8. 154 Sometimes the ETL cells lack CD3 expression. 160 Immunostaining for CD3, CD8 and CD4 may be helpful for initial screening but molecular clonality analysis is required for confirmation in the cases suspected to have early ETL.
ETL frequently presents as multifocal lymphoma with ulcerative lesions and commonly
The risk of developing a non-Hodgkin lymphoma as a complication of CD is not fully known but recent epidemiologic studies suggest a relative risk ranging from 2.1 to 6.6. 144, 145, 148, 149, [161] [162] [163] [164] The risk of contracting lymphoma in the setting of dermatitis herpetiformis appears to be increased to a similar degree. 145, 162, 165 Other studies have 136, [138] [139] [140] 166 Ascertainment bias may account for some of the difference noted in these studies. There is a strong relationship between CD and ETL. One study showed that the odds ratio of being diagnosed with ETL was 19.2 among patients with CD. 144 A more recent Swedish study showed the standardized incidence ratio (SIR) for ETL to be 51.
148
Even though the relative risk of developing ETL is most significantly increased in CD patients, non-ETL lymphomas, including B-cell NHL and extra-intestinal T-cell NHL are more common in aggregate than ETL in these patients. 148, 149, 163 Several recent studies on the relationship between NHL and CD deserve special mention.
Catassi et al. reported the results of a case-control study attempting to quantify the risk of NHL in patients with CD. 144 The cases were 653 patients with NHL. Six of their patients had CD; 3 had lymphoma of B-cell origin and 3 had lymphoma of T-cell origin.
The control group in this series consisted of 5720 adults participating in two mass CD screening studies. The researchers were able to calculate the age and sex adjusted odds ratio for developing lymphoma in patients with CD. The odds ratio for developing NHL at any primary site was 3.1. The odds ratios for primary gut lymphoma and T-cell lymphoma were substantially higher, at 16.9 and 19.2 respectively. 144 These calculations were based on very low numbers of lymphoma cases however.
Using a different approach, Askling et al. observed a standardized incidence ratio (SIR) of 5.9 for developing a lymphoma among CD patients. 145 Their study evaluated 11,019
hospitalized CD patients identified through the national Swedish hospital inpatient 
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registry. Forty-four cases of lymphoma were diagnosed in these patients using a linkage between the inpatient registry and the national cancer and death registries. Patients with incident cancers occurring within 12 months from hospital dismissal were excluded from the analysis. Patients hospitalized at a younger age had a lower risk of being diagnosed with lymphoma in the subsequent years than the patients hospitalized at an older age. 145 The relative risk also decreased over calendar time, perhaps suggesting that early institution of a GFD may decrease the risk of contracting lymphoma secondary to CD.
Given the fact that these patients were hospitalized, they may not represent the group of CD with milder forms of the disease. A recently published 30-year population based study from Finland followed 1147 patients diagnosed with CD or dermatitis herpetiformis (DH) at a single medical center over 17,245 person-years. 162 This study reported a standardized incidence ratio of 3.2 and 6.0 for developing NHL in patients diagnosed with CD or DH respectively. The SIR was slightly lower than in other reports and the study provided further support to the theory that compliance with a GFD protects against the development of lymphoma in patients with CD.
A large population based case-control study undertaken in Denmark and Sweden assessed the risk of NHL in patients with a variety of autoimmune disorders, including CD. 161 Participants, including 3055 patients with NHL identified through a national hospital and tumor registries and 3187 matched controls were surveyed regarding a history of autoimmune disorders. Nineteen patients with NHL and 9 controls reported a previous diagnosis of CD. Celiac disease was associated with a doubled risk of NHL with an odds ratio (OR) of 2. Another study published earlier this year reports a similar magnitude of risk for CD patients contracting NHL. 163 This European, prospective, multi-center case-control study identified 1446 patients with newly diagnosed NHL who were willing to be screened for CD by serology and subsequently be evaluated with a small bowel biopsy. Thirteen patients had previously been diagnosed with CD and an additional 4 patients were found to have CD after the diagnosis of NHL was made. After adjusting for age and gender, the OR for contracting NHL in the setting of CD was 2.6. Of the 17 patients, 8 had ETL and another 8 had DLBCL. The OR for small bowel NHL and ETL were 11.8 and 28
respectively. Table 3 summarizes the findings of several recent studies evaluating the increased risk of being diagnosed with a lymphoma in patients with CD. Multiple studies suggest that there may be a reduction of risk with long-term adherence to a gluten free diet. 138, 139, 142, 143, 145, 146, 162 Gluten free diet may also reduce the risk in patients with dermatitis herpetiformis. 167, 168 The benefit of a GFD may be slow in accruing in 149 The risk of being diagnosed with a NHL is thus clearly increased in patients with CD but the risk appears less than earlier reports suggested. The highest increase in risk relates to T-cell intestinal lymphomas (ETL) but these uncommon lymphomas constitute a minority of all CD related lymphomas. The risk of acquiring a B-cell lymphoma of the gut or extra-intestinal T-cell lymphoma is also increased in CD patients but less than with ETL and collectively the non-ETL lymphomas account for the majority of CD associated lymphomas.
Therapy for CD associated lymphoma is not different from the therapy utilized in similar lymphomas in patients without CD. However the presence of celiac disease may raise issues of malnutrition, an increased risk of infection due to concomitant hyposplenism and increased likelihood of diarrhea or other consequences of the celiac disease.
Combination chemotherapy is most frequently utilized and the choice of regimen depends on the lineage of the lymphoma. B-cell lymphomas are usually treated with combinations such as CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone), with rituximab. T-cell derived lymphomas have been more challenging to treat. Case series of patients with NHL associated with CD have yielded variable results but suggested that selected patients may enjoy prolonged survival. 148, 151, 152, 169, 170 One study suggested that the prognosis of stage IV NHL was worse in patients with CD compared to those without CD. 169 For personal use only. on April 12, 2017 . by guest www.bloodjournal.org From HALFDANARSON et al.
Therapy of ETL is currently unsatisfactory with a 5 year survival ranging from 11-20% in two studies and a 2 year survival of 28% according to another study. 151, 152, 171 Survival of patients with T-cell intestinal lymphoma appears to be inferior to the survival of patients with intestinal B-cell lymphoma and patients with other types of peripheral T-cell lymphomas. 171, 172 The chemotherapy regimens that have been used for treatment of CD associated T-cell lymphomas are very heterogeneous, mostly involving CHOP or similar anthracycline based regimens. 151 A recent study evaluated the efficacy of CHOP with the addition of etoposide (CHOEP) and reported a disappointingly low response rate and significant toxicities.
173
Conclusion
Celiac disease is a frequent cause of hematologic disorders. Anemia and hyposplenism may be the most common hematologic complications. The anemia is most commonly secondary to iron deficiency but deficiencies of folate, B12 and other micronutrients have been implicated as well. It seems reasonable to obtain a small bowel biopsy in all patients with iron deficiency anemia undergoing an upper endoscopy, regardless of the endoscopic findings. The hyposplenism complicating CD is rarely associated with serious infectious complications but it is appropriate to immunize patients against encapsulated bacteria if there is evidence of splenic hypofunction. The risk of lymphoma associated with CD has been overestimated in the past but current estimates suggest that the relative risk is between 3 and 6. The risk is highest for T-cell lymphomas of the gastrointestinal tract (EATL) and other non-Hodgkin lymphomas of the gastrointestinal tract.
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